Abstract-Original data on leaf functional traits (leaf area and specific leaf area, SLA) in 80 vascular plant species in alpine plant communities of the Eastern Qinghai Tibetan Plateau (Sichuan, China) are repre sented. Mean SLA was 192 ± 6 cm 2 /g, and mean leaf area was 2.38 ± 0.23 cm 2 . The highest mean SLA was observed in loose turf grasses and the lowest SLA was in the group of sedges and rushes; shrubs also had quite a low SLA. Among forbs, erosulate plants had higher SLA than rosette forming species. Our results mostly confirm leaf trait patterns for other regions.
INTRODUCTION
Plant functional traits reflect their environmental strategies, determine how the species respond to envi ronmental factors, and affect the other trophic levels and the properties of the ecosystem as a whole [1] . Plant functional traits are used to analyze the structure and dynamics of phytocenoses and allow one to com pare plant communities, which are located in different geographical areas and have different species compo sition, as well as to make predictions of possible changes in their structure in response to climate change [2] or the mode of land use. Thus, it is espe cially important to create local and global databases on plant functional traits [3, 4] . Specific leaf area is one of the parameters of the "plant economic spectrum" [5] . It is associated with many other plant functional traits; in particular, with the intensity of photosynthesis, the relative growth rate [1, 6] , and the rate of decomposition of leaf litter [7] .
Alpine ecosystems of the eastern part of the Qing hai Tibetan Plateau occupy vast areas and are charac terized by a rich flora with many endemic species [8] . Alpine communities of Tibet were formed under the influence of intensive grazing of yaks, which locals have traditionally bred for several millennia, at least from the Holocene climatic optimum [9] . However, the flora and vegetation of the region were poorly stud ied, and there are few data on the functional traits of plants that live here. Works devoted to the functional structure of pastures are held at Maqu stationary of Gansu Province, where the study plots are located at an altitude of 3500 m above sea level [10, 11] .
The goal of our study was to investigate plant func tional traits of alpine pastures in the northwest of Sichuan Province, located above the timberline at an altitude of 3900-4000 m above sea level. The aims were to measure the leaf traits (leaf area and specific leaf area), to compare the data with similar data from the other alpine ecosystems, and to identify the rela tionship of leaf traits with the plant functional groups.
MATERIALS AND METHODS

General Characteristics of the Study Area
The studied area is located in the north of Sichuan Province (China), approximately 40 km to the north west of the city Songpan. The material was collected at the Kaka Mountain, related to the Minshan Mountain massif on the eastern part of Qinghai Tibetan Plateau (32°59′ N, 103°39′ E). This region is affected by mon soons coming from the east, but, at the same time, it is influenced by cold dry winds from the interior part of the Plateau. Climate, according to the classification of Köppen, is moderately cold with dry winter and cool summer [12] . The mean annual temperature is +2.8°C; the mean temperature in January is -7.6°C and + 9.7°C in July. The frost free period is absent. Mean annual rainfall is 718 mm; 72% of it is in July and August. Snow cover ranges from 0 to 60 cm [13, 14] . Soils are silt loam inceptisols with pH 5.54-5.94 and organic matter content 41.5-60.0 g/kg of dry soil.
According to phytochorion, the studied area belongs to the Central Province of China East Asian region of Boreal Kingdom [15] . The vegetation in the studied area is presented by spruce fir forests and derived shrub communities that formed as a result of deforestation and grazing. Forest line reaches 3800 m on the northern slopes [16] . Thickets (species of the genus Rhododendron on the steep northern slopes with predominance of Spiraea alpina, Potentilla fruticosa, and Caragana jubata on the south), alpine meadows, and marshes are located above. All communities, except Rhododendron thickets, are subjected to inten sive grazing by yaks (Bos grunniens Linnaeus 1766).
We studied the species typical for alpine meadows, as well as some representatives of alpine bogs and Spi raea alpina thickets, growing at altitudes of 3930 to 3950 m above sea level. Alpine small shrub Kobresia forb meadows occupy the gentle southern slopes and ridges. Shrubs, mainly Potentilla fruticosa, take up to 5-10%, and their height does not exceed 30 [18] .
Collection of Field Material
In the period from mid June to the end of July 2012, we collected the leaves of 80 species of vascular plants; most of them (62 species) were grown in alpine meadows, four species were grown in thickets, and 14 species were typical for alpine bogs. Due to inten sive grazing, the leaves of ten species of bog plants were collected on a fenced plot. All studied species consti tute together 80-90% of the biomass of individual communities.
To determine the leaf area, fully developed intact leaves of adult vegetative or generative individuals were collected into a dampening chamber and large petioles and rachises of compound leaves were removed and then scanned with a resolution of 300 dpi for large leaves and 600 dpi for small and strongly dissected [19] . After scanning, the leaves were dried at 80°C for 6 hours and weighed to the nearest 0.1 mg. Replication was 11-19 leaves for different species. Leaf area was determined by the number of black pixels in the Corel PhotoPaint X4 program after manual removing of the background. The specific leaf area (SLA) was calcu lated dividing the leaf area by its mass.
Statistical Data Processing
Pearson's correlation coefficient was calculated to identify the relationship between specific leaf area and leaf area. Data were log transformed in order to bring the distribution of these traits to normal one.
Taking into account the systematic position and the most important for pasture plants traits of life form, such as the ability for clonal growth and the location of assimilating organs, we combined all species in the fol lowing groups: shrubs (five species), vegetative fixed rosette and semi rosette plants (39 species), vegetative fixed plants without rosettes (nine species), vegetative mobile rosette and semi rosette plants (nine species), dense turf grasses (five species), and loose turf grasses (six species), rhizomatous sedges and rushes (eight species). We compared the differences in parameters of the leaves between different groups using non para metric Mann-Whitney U test.
Nomenclature
Latin names of plants with the authors are listed in the table. Plants were identified according to "Flora of China" [20, 21] . Herbarium specimens of all studied species were transferred to the Herbarium of Moscow State University (MW).
RESULTS
The parameters of the leaves varied greatly among studied plant species. The smallest leaves were observed in Gentiana crassuloides, G. hexaphylla, and Androsace brachystegia and the largest leaves were observed in Allium rude and Aconitum pendulum, which are typical for the thickets ( A significant relationship between the specific leaf area and the leaf area was absent (R = -0.04, n.s.); however, it can be noted that the entire range of spe cific leaf area was possible for small leaves-from low to very high values-whereas the large leaves were characterized by the average values of the specific leaf area (Fig. 1) . The highest mean specific leaf area was observed in loose turf grasses; it was significantly higher than that in dense turf grasses (Fig. 2) . The lowest specific leaf area was observed in the group of sedges and rushes, as well as in shrubs. Among the forbs, the specific leaf area was significantly higher in species without rosettes than that in the species that form leaf rosettes. These groups were not significantly different in the mean leaf area. [19] . In general, alpine plants are characterized by lower spe cific leaf area than the low mountain ones: for the Alps C. Körner [22] gives the mean specific leaf area of 230 cm 2 /g at an altitude of 600 m above sea level, and 190 cm 2 /g at an altitude of 3000 m, which is close to our data. Since the area of our research is much further to the south than the Alps or the Caucasus, the altitu dinal belts are shifted at higher altitudes. Increased thickness of cell walls and the leaf itself, as one of the mechanisms of protection against excessive solar radi ation, leads to a decrease in the specific leaf area. However, the decreased partial pressure of carbon dioxide in the mountains may cause the increase in the specific leaf area [22] . It was shown for the Caucasus also that the leaf area correlated significantly with spe cific leaf area, and species with larger leaves had larger specific leaf area [19] . There was no such correlation for the studied species in Tibet.
Two species were common for Tibet and the Cauca sus-Sibbaldia procumbens and Festuca ovina. In Sib baldia procumbens, a lower specific leaf area was observed compared with the Caucasus (152 and 191 cm 2 /g, respectively), while larger values were observed for Festuca ovina (144 and 111 cm 2 /g, respectively), which may be due to the differences in the method of determining the leaf area in the narrow leaved grasses. At the same time, the specific leaf area of Sibbaldia procumbens measured in the mountains of the Southern Norway (155 cm 2 /g) [23] and in North western Europe (155 cm 2 /g) [3] was close to ours. Within the common genera, represented by several species, similar variations in the average specific leaf area were obtained for the species Pedicularis (137-262 cm 2 /g and 129-266 cm 2 /g, respectively) in the Tibet and the Caucasus. For species Thalictrum alpi num with a wide range, specific leaf area varied from 222 cm 2 /g at sites around fox dens in the mountains of Northern Sweden [24] to 176 cm 2 /g in the mountains of Southern Norway [23] and 127 cm 2 /g in Northwest ern Europe [3] ; our data (212 cm 2 /g) are in an inter mediate position. High values of specific leaf area for Festuca ovina (193 cm 2 /g) and Sibbaldia procumbens (247 cm 2 /g) [24] were marked also around fox dens in Norway. Thus, even such a relatively stable indicator as the specific leaf area is characterized by a fairly wide variation between regions and ecotopes. Thus, the populations of Campanula thyrsoides from the differ ent parts of the Alps differ in specific leaf area [25] . That is why it is desirable to use local data to study the functional structure of plant communities [26] . Different functional groups of plants differed in the value of specific leaf area. It is known that plants with higher relative growth rate (RGR) are characterized by high specific leaf area [6] , and the ability for rapid regrowth is important for the recovery of pasture plants after defoliation [27, 28] . However, dicotyle donous plants with low specific leaf area form rosettes of leaves, which reduce the biomass removal by yaks, and the arrangement of leaves close to the level of the soil improves the inflow of carbon dioxide. Species without rosettes include, for example, some species of gentian (Gentiana sinoornata, G. hexaphylla) and aco nite (Aconitum pendulum), which are avoided by the animals likely because they contain toxins or bitters. Woody plants, compared with herbs, are characterized by lower specific leaf area under the same conditions of illumination [29] and nitrogen nutrition [30] , which is confirmed by our data. Thus, the results of our stud ies of functional traits of the leaves of alpine plants in the eastern Qinghai Tibetan Plateau are generally consistent with the general laws.
